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THURSDAY, JANUARY 30, 1896. 


GROTH’S CRYSTALLOGRAPHY. 
Physikalische Krystallographie und Einleitung in die 
krystallographische Kenntniss der wichtigeren Sub- 
stanzen. Von P. Groth. Dritte, vollstandig neu bear- 
beitete Auflage. Pp. 783. (Leipzig : Wilhelm Engel- 
mann, 1894-;.) 

EARLY twenty years ago, in 1876, the present 
writer was acting as Demonstrator in Physics at 
the Clarendon Laboratory, Oxford, and chanced to see 
on Prof. Clifton’s table a book just published, which 
differed in subject and treatment from any he had then 
met with. It contained in small compass (523 pages) 
that part of Physics which was more especially related 
to crystallised matter, and without delaying the reader 
with difficult or abstruse problems, gave in the most 
fascinating way a general idea of the physical and 
morphological symmetry of crystals. A few months 
later, and as a direct consequence of the interest in 
crystals thus aroused, the writer was advised to submit 
himself to Mr. Maskelyne as a candidate for the 
assistantship in the Mineral Department of the British 
Museum, just vacated owing to health-failure by Mr. 
Lewis, since appointed Professor of Mineralogy at Cam¬ 
bridge. The book was the “ Physikalische Krystallo- 
graphie ” of Paul Groth, and the present writer is glad 
to have this opportunity, when giving a notice of the 
third edition of this useful book, to put on record his 
sense of gratitude to the author, a feeling which is 
doubtless shared by other crystallographic students in 
this country. 

Prof. Groth was particularly well fitted for the work 
which he had taken in hand ; he had already initiated 
and organised the teaching of Crystallography and 
Mineralogy at Strassburg (1870); gifted with great 
enthusiasm, he had also the rarer power of inspiring his 
students with the same quality ; in this book he published 
(1876) the method which he had found to be practically 
useful in the course of instruction given by him as 
Professor of Mineralogy in that University. In the next 
year (1877) the Zeitschrift fiir Krystallographie und 
Mineralogie was started by Prof. Groth, who took upon 
himself the arduous duties of editor ; this was the 
beginning of a new era for the subject. The pages of 
this periodical have since been at the service of crystallo¬ 
graphic students of every country, and the twenty-four 
volumes already issued are a rich storehouse of the 
results of recent research. Succeeding von Kobell, Prof. 
Groth afterwards migrated to Munich, and has since 
completely reorganised the mineralogical collections and 
teaching in that University. With twenty-five years’ 
experience as a University Professor, the editor of the 
many path-breaking memoirs which have appeared in 
the Zeitschrift could not fail, in the preparation of a new 
edition of his book, to keep his readers in touch with all 
that is best in the subject ; and in a living subject like 
Crystallography, twenty years cannot pass away without 
the discovery of new facts and new methods, and the 
invention of new instruments of research. 

In the case of any scientific book which is worthy of 
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careful study, it must often be the fate of the student to 
react upon the author ; and in this respect the present 
treatise is not exceptional. The treatment of the dilatation 
of crystals on change of temperature, as given in the first 
edition of the work, appeared to be out of harmony with 
the ideas there propounded as to crystal structure ; at 
the suggestion of Mr. Maskelyne, the writer studied this 
thermal problem from a theoretical standpoint, and re¬ 
corded his results in a short paper. Attracted to the 
subject once more, Prof. Groth had the problem practi¬ 
cally investigated by one of his students (Dr. Becken- 
kamp) with the aid of the fine instrument which had then 
been just made for the University of Strassburg. The 
conclusions arrived at by Beckenkamp from his experi¬ 
ments, whether strictly justifiable or not is a distinct 
matter, were in complete agreement with those already 
suggested on theoretical grounds, and the variation of 
treatment which had been indicated was introduced by 
Prof. Groth in the second edition ; this, indeed, was the 
only change of any theoretical importance at that time 
made. The third edition is, however, so different from 
those which have preceded it, that although the general 
aim is unaltered, the book is virtually new in its mode of 
treatment, and demands a more detailed notice than the 
new edition of a work generally calls for. 

It may be remarked that the title (“ Physikalische 
Krystallographie”) suggests a more restricted survey 
than is actually undertaken by the author; for the 
morphological being regarded as likewise physical 
characters, geometrical crystallography falls within the 
scope of the book : the title is intended to be comple¬ 
mentary to that of another treatise (“ Chemische Krystal¬ 
lographie ”), a work which Prof. Groth has long had in 
hand, and now looks forward to quickly completing. 

A statement of the numbers of the pages allotted to the 
various parts of the subject will be useful as suggesting 
the relative degrees of importance assigned to them. 
The First Part begins with a discussion of the optical 
characters of crystals, and extends to no fewer than 163 
pages ; the thermal characters are allowed 24 pages ; 
the magnetic and electrical 11 pages ; the action of 
mechanical forces on crystals 43 pages ; and the mole¬ 
cular structure of crystals 47 pages. The Second Part 
is devoted to the geometrical characters of crystals, and 
occupies 248 pages. The Third and last Part treats of 
the calculation and graphic representation of crystal 
forms (65 pages), of goniometers and refractometers (81 
pages), and of polarising instruments (82 pages). 

There are three great changes introduced in the 
present edition. In the first place, the optical part has 
been re-modelled on the basis suggested in the Tract 
on the “ Optical Indicatrix,” a work which was some time 
ago noticed in these columns. As stated by Prof. Groth 
in his preface, “ the optical part is no longer based on 
the theory of an elastic ether, but on the purely geo¬ 
metrical treatment proposed by Fletcher ; this method, 
without involving any mathematical speculations what¬ 
soever, suffices to give even for the most complicated 
optical phenomena, such as conical refraction, that correct 
insight which is indispensable to the student in his 
microscopical investigations.” The “Optical Indicatrix” 
itself, it may be here observed, was written not so much 
for the instruction of the ordinary student as to indicate 
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to the teacher a method of escape from a very awkward 
difficulty. Prof. Maskelyne, for whose book on Crystal¬ 
lography the method was devised, has the intention of 
presenting the method in text-book form, and of making 
it accessible and useful to the English student ; un¬ 
fortunately the many distractions of a busy public life 
have led to prolonged delay in the completion and issue 
of that part of his crystallographic treatise. Prof. Groth, 
however, has been quick to show that the method is one 
which is practically useful both to the teacher and the 
student ; in the course of years the idea of optical 
elasticity will disappear from crystallographic text-books, 
and an unnecessary obstacle will vanish therewith from 
the path of the optical student. One word on a trivial 
matter, that of nomenclature : Prof. Groth has translated 
the term Indicatrix into Index-flache, on the ground that 
the word Indicatrix is not acceptable in a Teutonic 
language. To an Englishman it is not intelligible on 
literary grounds why Index should be within and Indi¬ 
catrix be without the limits of what is acceptable in 
Germany ; nor were any objections to the term Indi¬ 
catrix made by the German Professors (Kbnig and 
Ambronn), by whom the Tract itself was translated into 
German and rendered more accessible to the German 
student. In any case the constant repetition of the word 
“surface” in the proofs of the various geometrical pro¬ 
positions would make “ Index-surface” unacceptable for 
common use in English, and it would have been a simpli¬ 
fication of nomenclature if the term Indicatrix (i.e. the 
indicating surface) could have been adopted bodily in 
the other European languages. 

The second great change is the total exclusion of the 
Naumann symbols from the text. There was much to 
be said for the use of the Naumann symbols in the 
indication of a limited number of crystallographic forms, 
but they are too complex in others, and are thus not 
generally useful : further, in the specification of par¬ 
ticular faces and in crystal calculations, the Millerian 
symbol is infinitely superior, and is quite indispensable 
for the more advanced student. Looking to the slight¬ 
ness of the advantages of the Naumann symbol even in 
the most favourable cases, it has seemed better to Prof. 
Groth to now completely dispense with its consideration ; 
this saves much valuable time to the Professor in his 
lectures, much space in the text-book, much unavailing 
toil for the student. 

The third great change has involved a complete altera¬ 
tion of treatment of the geometrical characters of 
crystals. A century ago the Father of Crystallography, 
Rome de 1 ’Isle, introduced the idea of a primitive form, 
and showed that all the crystal forms of the same kind 
of substance are such as could be derived front a single 
primitive form by similar alterations of all those parts 
which are geometrically similar to each other ; the 
octahedron and the tetrahedron, for instance, were 
different kinds of primitive form, and were regarded as 
mutually independent. Later on, the idea of a primitive 
form was discarded by crystallographers, and that of 
crystalline axes, systems and symmetry, was introduced. 
This necessitated the recognition of symmetry as being 
either complete or partial in each crystalline system ; and 
the forms presenting incomplete symmetry were treated 
as resulting from the suppression of half or three-fourths 
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of the faces of forms having a complete symmetry 
proper to the system. Certain elements of sym¬ 
metry were regarded as being then in abeyance. One 
educational disadvantage of this method is that the 
student is almost led to imagine that the axes and planes 
of symmetry have a physical existence anterior to that of 
the matter itself, and to think that the inert matter is 
compelled to arrange itself in a particular way through 
the action of these pre-existing axes and planes. Or 
again, he imagines that the tetrahedron was at one time 
an octahedron, and that it only arrived at the tetrahedral 
form through the excessive growth of four alternating 
faces of an eight-sided crystal. In the present edition 
Prof. Groth has followed a method suggested amongst 
others by Fedorow, now the Professor of Mineralogy at 
Moscow, and one which presents some analogy to that of 
Rome de l’lsle; in that, for instance, it treats the 
octahedral and tetrahedral symmetries as quite in¬ 
dependent of each other. It has now been known for 
some decades that thirty-two, and only thirty-two, 
classes of symmetry are consistent with that law of 
whole numbers which had been discovered by Haiiy to 
control the positions of crystal faces. This limitation of 
the classes of crystal symmetry was first established by 
Hessel in 1829, but, owing to some extent to the repellent 
form in which the reasoning was presented, did not <:hen 
attract the attention of other crystallographers. It was 
re-discovered, however, by Axel Gadolin, and made 
known by him (1866-7) in a very lucid memoir ; since 
that time the law has been universally recognised. 

The thirty-two classes of symmetry can be grouped in 
various ways ; and one method is that of the old so-called 
“systems of crystallisation.” In the new mode of treat¬ 
ment, the six systems are merely conventional and have 
no structural importance ; it is the thirty-two classes, not 
the six systems, which are fundamental, and the classes 
themselves are regarded as independent of each other and 
co-equal in importance. 

In his exposition of geometrical crystallography, Prof. 
Groth starts from the simplest type of form, that in which 
there is no symmetrical repetition at all, and thence 
gradually advances to the most complex type, in which 
the existence of a single face may involve the co-existence 
of forty-seven others. This method, so long as it does 
not involve trigonometrical calculation, presents no 
greater difficulty than the usual mode of treatment; 
indeed, Prof. Groth asserts from practical experience that 
the student in this way makes quicker progress in the 
acquisition of knowledge. Each of the thirty-two classes 
being regarded as independent of the rest, the idea that 
a form may be hemimorphous, heinihedral, tetarto- 
hedral or holohedral, is completely eliminated from the 
science. In one respect the method actually adopted 
seems to the writer to fail of the desired simplicity ; in 
the case of an ordinary crystal belonging to the Anorthic 
system, a crystal of albite for example, every face is ac¬ 
companied by one which is parallel and opposite, and the 
crystal is usually regarded as having a centre, but no 
planes, of symmetry. For some reason not clear to the 
writer, Groth, following Federow, rejects the idea of a 
centre of symmetry, and regards such a crystal as being 
one in which there is no centre of symmetry at all, and 
every plane of the crystal, actual or crystallographically 
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possible, is a plane of what is termed “composite sym¬ 
metry.” Such an artificial and complicated method of 
interpreting the result of the old-fashioned centre of 
symmetry seems to involve its own condemnation, and to 
be quite unsatisfactory for the purposes of the teacher. 
As regards the nomenclature of the thirty-two classes, 
the sooner the Professors of Mineralogy can come to a 
decision as to the best names to be applied to them, the 
better for the student. Some of the names here suggested 
are too long to be often used : Class 28, for example, is 
termed the “tetraedrisch-pentagondodekaedrische Klasse.” 
Though nomenclature is not of essential importance, the 
giving of a name is by no means a small matter; still, 
even a long adjective of thirty-four letters will be better 
than a constantly changing adjective of seventeen. 

A very brief account of the researches of Bravais, 
Sohncke, and Schonflies, relative to the nature of crystal 
structure, is all that could possibly be included in a work 
which is to be useful to the general student; such a 
sketch has been given in this edition, and has had the 
benefit of revision by one of the great pioneers in the 
subject, Prof. Sohncke himself. 

The above are the more important of Prof. Groth’s con¬ 
stitutional innovations, and all that can be referred to in 
this brief notice. We would only add that the book is 
well illustrated, there being no fewer than 702 figures and 
three excellent coloured plates, and that it is furnished 
with a very complete index to its contents. By the issue 
of this last edition of his book, Prof. Groth has conferred 
one more boon on the students of Crystallography. 

L. Fletcher. 


ELEMENTARY IDEAS OF MANKIND. 
Ethnische Elementargedanken in der Lehre vom Men- 
schen. By A. Bastian. 2 vols. Pp. xvi + 314; xlv + 
224. (Berlin: Weidmannsche Buchhandlung, 1893.) 
ROFESSOR BASTIAN has here added to his 
numerous works on ethnology what must be 
regarded as, in some sense, the crown of the edifice he 
has spent his life in rearing. It is an attempt to trace 
out the elementary ideas of mankind. For long ages 
every historical people, shut up within a very limited 
area, both physically and mentally, when inquiring 
through its foremost thinkers into the mental constitu¬ 
tion of the race, had no other means of finding an answer 
to its questions than an analysis of the individual mind. 
The philosopher examined his own consciousness, for¬ 
getful that it was the consciousness of an individual in 
an advanced stage of civilisation, and that what might 
seem to him elementary, from his familiarity and the 
familiarity of those with whom he came into contact with 
it from earliest years, might really be the result of long 
development, or an amalgam of numerous, perhaps but 
slightly related, ideas. The results, therefore, of his 
inquiries were shifting, uncertain, in many cases abso¬ 
lutely untrue. And, when he came to apply those results 
objectively to the society in which he found himself, still 
greater uncertainties and divergencies of course followed. 
What was needed, was an external means of checking 
and comparing the conclusions arrived at from time to 
time. For want of this, the conclusions themselves 
remained without practical influence, or (especially, it 
NO. 1370, VOL. 53] 


may be added, when applied to social and political 
organisations) became positively disastrous. Man did 
not really know himself; and thinking that he did so, 
he often committed great and deplorable blunders. 

But at last, in the gradual progress of discovery—first 
of geographical discovery, afterwards of scientific, and 
more particularly biological, discovery—the essential 
unity of mankind has been demonstrated. Reports of 
discoverers and the great ethnographical collections, 
formed chiefly in the capitals of Europe and at Washing¬ 
ton, have exhibited unity, not merely physical, but 
mental and spiritual. It has thus become possible to 
set the ideas, the customs, and the organisation of the 
more advanced peoples over against those of the less 
advanced, and thus to effect that “parallelisation with 
equivalent corresponding existences ” which gives the 
long-wanting means of checking the results of intro¬ 
spective psychology. 

Starting then from the postulate of the essential unity 
of mankind, the veteran Professor follows the comparative 
method for the purpose of ascertaining in the order of 
conception-types, as they emerge in ethnical ideal 
creations, what are the elementary ideas of mankind, 
and thus of grasping what is involved in the totality of 
these conceptions, and of discerning oneself in every 
child of man, so far as intelligence reaches. Accord¬ 
ingly, although the book is addressed primarily to meta¬ 
physicians, Dr. Bastian writes not without a practical 
aim. A thorough comprehension of the mental and 
spiritual unity of mankind, a realisation of the fact that 
under all superficial divergencies of expression, whether 
in language, in myth or in custom, the same ideas, the 
same purposes rule in all men, and a consequent con¬ 
viction that patience and tact only are required to 
j reconcile all these divergencies by discovering their 
underlying identity, and tracing the devious path where¬ 
by each of them has travelled—these are qualifications 
not merely of the ideal anthropologist, but of the ideal 
statesman : qualifications more than ever necessary in 
these days, when discoveries and inventions have brought 
the foremost nations of Europe into relations of one kind 
or other with so many of the more backward races all 
over the world, making continually fresh demands on the 
sympathy born of knowledge to avoid difficulties and 
bloodshed, promote good feeling, and clear away obstacles 
to the progress of civilisation. Even among the civilised 
nations themselves, all of which have their social ques¬ 
tions, sprung from the ferment of mutual intercourse 
under the influence of modern conditions, knowledge of 
the elementary ideas of mankind and of their expressions 
in social form—that is to say, in institutions—is calcu¬ 
lated to assist materially in the solution of the problems 
which are now presenting themselves. 

The book has, therefore, been written with these things, 
in view ; and there is no nation to which they are more 
important than our own : none, perhaps, to which they 
are so important. Yet the British Government has done 
less than any towards the systematic study of anthro¬ 
pology. The Imperial Institute might have served the 
purpose of a great national school of anthropology, where 
the rulers of our subject-peoples could be trained. It 
has been turned, instead, into a second-rate club. Mean¬ 
while, those whose mission it is to direct the destinies of 
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